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TO ALL WHOM IT MAY CONCERN: 

Be it known that WE. MASAFUMI MIYAZAKL SHUICHI INOIJE. 
TOSHDCAZU NISHIMTJRA and HIRQSHIGE INOUE. citizens of Japan, whose post office 
addresses are c/o Nipp on Steel Corporation. Technical Development Bureau. 20-1. Shintomi. 
Futtsu-shi. Chiba 293-8511. Japan, have invented an improvement in 

rnODUCTION METIIOD METHODS of AUSTENITIC STAINLESS STEEL THIN STRIP 



[0001] This application is a national stage application of PCT Application No. 
PCT/JP03/03891. which was filed on March 27. 2003 and published on October 2. 2003 as 
International Publication No. WO 03/080273 (the "International Application''^ This application 
claims prioritv from th e International Application pursuant to 35 T J.S.C. § 365. The present 
application also claims priority under 35 U.S.C. § 1 19 from Japanese Patent Application No. 
2001-335895. filed on March 27. 2003. the entire disclosure of which is incorporated herein by 
reference. 
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FIELD OF THE INVENTION 
[0002] The present invention relates to a motho dm ethods for casting an austenitic 

stainless steel thin strip casting through a continuous caste r wherein mold wallo move 
□ynchronoualy with the caoting, — the oaoter being rcprcoentcd by 
a twin drum tyj^c caotcr, and a caating obtained by the metho d . In 

particular, casting an austenitic stainless steel thin strip casting through a continuous caster, e.g.. 
a twin-drum type caster, in which the mold walls move synchronous with the casting to obtain a 
casting, w herein defects on a steel sheet formed after cold rolling or cold forming are prevented . 

Background Art 

BACKGROUND 

[0003] Synchronous continuous casting processes are processes that do not have a 

relative speed difference between a casting and the inner walls of a mol d. For example , such as a 
twin-drum process (a twin-roll process), a twin-beh process, a single-roll process and the likcT— 
ao deooribcd in the papero publiohed in the opecial edition of 
"Tctou to Haganc," A1Q7 A2S6, 1Q85, for example . A twin-drum type 
continuQua caoting proceos, — as— a^synchronous continuous casting process— is a 

continuous casting process that consists of the steps of: iTLpouring molten steel into a continuous 
casting mold composed of a pair of cooUng drums having a n . which may have identical 

d i amc t e r diameters or different diameters and bcin gm ay be disposed in parallel with 
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each other or with an inclination relative to each other^ and side weirs for sealing both the 

end faces of the cooling drums; {iiXforming a solidified shell on the circumference of each of the 
cooling drums; and (iii) u niting the solidified shells into one in the vicinity of near 

a position where both the rotating cooling drums come closest to each other (the so-called 

"kissing point "); and thuo f ormin gU o form a united thin strip casting, 

[0004] It is known that surface defects (e^unevenly glossy defects when they arc 

generated o n the surface of a cold-rolled product and rough surface defects when they 

arc generated on the surface of a formed product) are sometimes generated along the 

rolling direction eaof a product -. For example, surface defects may be formed when the product 

beingk produced by cold rolling, with hot rolling not applied beforehand, a^nd thin strip 

casting caot t hrough a twin-drum type continuous casting process or the like, when cold 

forming (e^draw forming or stretch formin g, in particular) is applied thereto. 

Thooc These surface defects are generated— in a different manner fi^om an already Icnown 

the_!!orange peel phenomeno n that appcaro depending ," which depends on the 

diameter of the crystal grains of a cold-rolled product, individually or compositel v. In particular. 
the defects may be in the forms ofi (1) small undulated surface defects not more than several 
millimeters in length and not more than 0.5 mm in width on average; and (2) large stream 
patterned surface defects not more than several hundred millimeters in length and not more than 
3 mm in width on average. In particular, t ho oc F or example, these surface defects 
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arc apt to may be observed when a BA product (a product produced through bright 
anneahng) is subjected to stretch forming and thc ym ay deteriorate the appearance of the formed 
produc t in Qomc cqoqo . 

[0005] ( 1 ) The small undulated surface defects^of not more than several miUimeters in 

length and not more than 0.5 mm in widt h arc the onco that arc , may be generated— 

in Q kind of steel whcrcin where 5-ferrite remains in an austenite phase -. These surface 

defects may be caused by the unQvcnncoo of a otruoturQ uneven structures formed on- 

both the surfaces of a casting as a result of the variation of the residual amount of 6-ferrite 

cauood by the variation ofd ueto the heat history of the casting. In thio 

caacl hus, the positions where the surface defects are generated on both t he top and bottom 

surfaces of a steel sheet where ourfacQ dcfcGto arc gcnQratcd are not identical 

with each other. Japanese E3camined Patent Publication No. H5 23 8 61 propooco a 

technoloqy 23861, the entire disclosure of w h ich i s incorporated herein bv reference. 

discloses a method of preventing surface defects on a steel sheet product by adjusting the interval 
of dimples on the surfaces of the.cooling drum s. Additionally ,— aadr Japanese Unexamined 

Patent PubUcation No. H5 203601 propooca a technoloa y 29360L the entire 

disclosure of which is incorporated herein by reference, discloses a method of eliminating 5- 
ferrite on the surface layers of a casting by delaying the cooling of the casting coming after it 
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comes out from a mold in of a high temperature rango m old . Further, Japanese- 

Uncxamincd Patent Publication No. 2000-219919 the entire disclosure of which is 

incorporated herein by reference, discloses a method comprising the steps of: (iXcasting a thin 
strip casting; thcrcaf tcr{ ii) imposing a strain to the vicinity of the surfaces of the casting 

through shot blasting; and aubocqucntly applying annealing. In thia caoo, 

it io oaid that, — ao annealing io applied after impooing a otrain 
on the ourfaceo of a caoting, the recryotallization at the 
ourfacea advanceo, the oige of the rccryatallizcd cryotal graino 
io uniformizcd, and that thio effectively acta on the 
unif ormiaation of fiii;> annealing. Thus, recrystaUization of the strained surface during 
annealing creates uni formly sized crystal grains and therefore removes the surface gloss. 
[0006] (2) T he large stream pattemed surface defects, not more than several hundred 

millimeters in length and not more than 3 mm in width, ar e the oneo that are 
generated caused by the local variation of deformation resistance that appcaro aa a 
reault of thc dueto uneven distribution of Ni segregation (e^normal segregation and 
inverse segregation) remaining at the finally solidified portion of a casting, namelyfi ^ at tfeea 
portion in the middle of the thickness of a steel sheet product. The feature of thia 
caae io that Thegg siu-face defects are generated at identical positions on both the top and 
bottom surfaces of a steel sheet. Japanese Unexamined Patent PubUcation No. H7- 
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dioGloaco an invontion wherein otron g 268556. the entire disclosure of which is 
incorporat ed herein by reference, discloses that Ni segregation is mitigated by performing casting 
while athe degree of superheat AT of molten steel is controlled to not higher than 50°C during 

continuous casting and by^thus malcing m inimizing the flow of the molten steel at the finally 
solidified portio n hardly occur . 

[0007] • According to J apanese Patent No. 285 1 252, the entire disclosure of which is 

incorporated herein bv reference, discloses that Ni segregation that cauoea the 

aforementioned large otream patterned ourfacc dofecto is caused by- 

thc fact that semisolidified molten steel--tfeafe^.Mieh is in thes state close to the 

final solidification and has a soUd phase ratio of less than j ^about 1.0. is moved in the 

direction of the sheet width or in the direction of casting by a driving force. TheThis driving 

forc e for the movement of molten oteel is created by the pressing force P of a 

mold^ imposed when a casting is formed by sticking the solidified shells together on the mold 
wall faces together . ghef tConsequently , Ni segregation cauoed by the movement 

of molten oteel iom ay_be mitigated and feh etherefore reduce surface defects are 

reduced by defining athg pressing force P on the baoio of thc as a fimction of a 

degree of superheat AT of molten steel and controlling the pressing force P to roughly not more 
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than 5 t/m, conGrotGl y and more particularly to controlling the pressing force P to about 2.5 
t/m. 

[0008] 

[0009] Problem to be Solved by the Invention 

[0010] By the various corrective measures mcnt ionc d described above, the surface 

defects generated when a product produced by cold-rolling a thin strip casting is further 
subjected to cold forming have been significantly improved. Meanwhi 1 c H owever , it has been 
found that previously unknown m inute surface defects , that arc different aurfacc 
dcfccto from hitherto known onco> arc may be generated. The newly 
^eaftdThese new surface defects are sometimes recognized as unevenly glossy defects at the 

stage of a cold-rolled steel sheet in the same way as before, but are far finer and smaller than the 

hithertopreviously known eR^^efgcts Further, when the newly found 

ourf acethese new defects are very much omaller, though smaU they are not recognized 
as unevenly glossy defects at the stage of a cold-rolled steel sheet or after usual cold forming-7— 
theyJ mt are foxmd as minute rough surface defects after excessive cold forming ouch ao i§. 
applied, e.g,, deep drawing or stretch formin g io applied and the y , which may cause 

problem in oome cases . In any caoe, the newly found ourf ace 

dcfccto, though they arc omaller than hitherto known ourf ace 
defecta, aloo have to be eliminated in an application of a p roblems 
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in some applications. Therefore, these defects must be eliminated in cold-rolled steel sheet-T— 
for oxamplc, — in an application wherein a pplications, e.g., where buffing after 
forming is omitted. 

[0011] -Th eAs described above, the conventional large stream patterned surface defects— 
not more than acveral hundred millimctero in length and not more 
than 3 mm in width, are generated at identical positions on both the top and bottom 
surfaces of a steel shee t, thc, _The protrusions and depressions thereof are distributed in the 
form of streaks or lines , and thc_ wiflLa height difference between a protrusion and a 
depression isof about 1 to 3 ^mi. AhA Ni segregation portion is located at a portion 
where athe conventional large stream patterned surface defect is generated-aHd^^witii normal 
segregation and inverse segregation existe^dsting in the form of bands in the middle of the 
sheet thickness. On the other hand, in the caoc o f in contrast, although the newly 
found surface defects-? — though they are generated at identical positions on both the top and 
bottom surfaces of a steel sheet like in the caoe of the conventional large 
otream patterned ourface defeoto, t he protrusions and depressions are distributed 
sporadically and in^zigzag pattern i n the form of spots, fehewitiia length thereof ioo f 
several tens of millimeters- and thtea height difference between a protruoion and a 
depreooion io nearly in the range fro m protrusions and depressions of from 
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about 0. 1 to about 1 |im. HcrGl hus, feteelhese newly found surface defects arc Galled 

■" -have been named "salt-and-p eppe r and nalt unevenly glossy defects" aa the name 

thereof at the stage of a cold-rolled steel sheet. At a portion where a salt-and-p epper-^aod— 

aalt unevenly glossy defect is generated in the middle of the sheet thickness, an Ni inverse 

segregation portion exists individually and normal segregation does not exist in the 

adjacent vicinity. In this respect, a salt-and-p eppe r and aalt unevenly glossy defect is 

differentiated from a conventional rough surface defect where both normal segregation and 
inverse segregation coexist. 

[0012] 

[0013] Diaclooure of the Invention 

SUMMARY OF THE TNVRNTTON 

[0014] The object of the p resent invention is-? — in a metho d relates to 

methods for casting an austenitic stainless steel thin strip casting through a continuous caster— 
wherein mold walla move aynchronouoly with the caating, — fee— 
provide a production method capable of preventing pepper and 
oal^. In particular, casting an austenitic stainless steel thin strip casting through a continuous 

caster, e.g., a twin-drum tvpe caster, in which the mold walls m o ve synchronous with the casting 
to obtain a casting, wherein defects, e.g.. salt>and>pepp er unevenly glossy defects- 
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diatributod siggag in the form of opoto, that arc accn^ on a steel sheet 
fonnecLafter cold rolling or cold forming-7 — from being goncrato d are prevented . 

[0015] The gi Qt According to one embodiment of the present inventio n io ao 

followa ! — (1) method for producing an austenitic stainless steel thin strip casting 

through a continuous caster^ wherein mold walls move synchronously with the casting, 
characterigcd in that the includes applying a pressing force P of fefe eat least one 

mold wall faces fsfie against tbea casting is more tha n 1,0 and leoo than 2.5 
t/m, (2) A method for producing an auotcnitic otainlooo otecl 
thin otrip caoting through a continuoua caoter wherein mold 
wallo move aynchronouoly with the caoting, characterized in that. 
about 1.0 and less than about 2.5 t/m. In a further embodiment the pressing force P of the aL 
least one m old wall facos face against the casting is more than_about 1.1 and not morel ess 
tha n about 1.6 t/m. 

[0016] ( 3 ) A According to another embodiment of the present invention, a method for 
producing an austenitic stainless steel thin strip castin g, characterigcd in that;, 
through a continuous caster-^aeed. wherein the mold walls move synchronously with the 
casting, the continuous caster is a twin-drum type continuous caster-f* and the drum radius R (m) 
and the pressing force P (t/m) of at least one mold wall facco oat iaf y face satisfies the 
relation 0.5 <= (V~ R)xP<=2.0. (1) A method for producing an auatcnitic 
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atainlooo otccl thin atrip caoting, charactcrigod in that ; a 
Gontinuouo caotcr uacd io a twin drum type continuouo caotcr; 
aH d According to a further embodiment of the present invention, the drum radius R (m) and the 
pressing force P (t/m) of at least one m old wall faccQ oat i of y face satisfies the relation 0.8 
<=(>r R)xP<=1.2. 

[001 7] (5) A method for producing an auotcnitic otainlcoo 

otcel thin otrip caoting according to any one According to another 
embodiment of the itemo (1) to (4), charactcrigcd in that present invention, 
the height of a molten steel pool formed between at least two m old walls is not looa more 
than.alHmt 200 mnLand not morcl esg than_ahoiit 450 mm. 

[0018] (6) A method for producing an auotcnitic otainlcoo 

otccl thin otrip caoting according to any onc A ccording to another 
embodiment of the itemo (1) to (5), charactcriacd in that present invention. 
a solidification time^ defined by tfeea span of time from the b etweena time whe n at least one 
moving mold wallo contact wit hw all contacts mohen steel to tfeea time when feheaL 
least two solidified shells of both oideo unite^ is not ohorterm ore than_abQiit 0.4 
second and not longerl ess than about 1 .0 second. 
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[00191 (7) A mothod for producing an auotcnitic otainlooo 

otQQl thin otrip caoting according to anv one According to another 
embodiment of the itcmo — — fee — ^S^, — charactcrigGd in that p resent invention. 
in-line rolling is applied during the process from molding to coiling. 

t002QJ (8) An auatcnitic otainlooo otccl thin otrip caoting 

produGcd by a method according to any one of the itcma — (-3r) — fee- 
(7), charactcrigod in that the A ccording to another embodiment of the present 
invention, a degree of Ni inverse segregation^ defined by the ratio of tfeeam amount of Ni at Ni 
inverse segregation portions to fehemi average amount of Ni in them entire steel is in the range 
from about 0.90 to about 0.97. 

[0021] 

J[0fl22J Brief Dcocription of the Drawingo 

BRIEF DESCRIPTION OF THE DRAWINGS 

10023]. Figure 1 is a o chcmat i cd ia gram showing a oituation of c asting 

whenw ith a twin-drum type continuous caste r io uoed.; 

[0024] Figure 2 is another ochcmatic a diagram showing a oituation of 

casting whenw ifli a twin-drum type continuous caste r io uoed.; 
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,[DQ251 Figure 3 is a graph showing the relation of the degrees of Ni inverse segregation, 

the existence of salt-and-p eppe r and aalt unevenly glossy defects, and the pore area ratios to 

the pressing forces of drums-r; 

411Q2£]. Figure 4 is a graph showing the relation among the drum radiuses R, the pressing 

forces P, and the existence of salt-and-p eppe r and oalt unevenly glossy defects—;^ 

[0027] Figure 5 (a) is a perspective sectional view showing a oituation of t he 

fomiation of salt-and»p eppe r and aalt unevenly glossy defects on a steel sheet after cold 
rolling and annealin g, and Figure 5 — — io a pcropGctivG occtional view 
ahowing a oituation of the formation of pepper and oalt unevenly 
gloggy defeeto on a otcel ohcet after cold forming, ; and 

mm 

[0029] Boot Mode for Carrying out the Invention 

mm Fig ure 5 fb) is a perspective sectional view showing the formation of salt-and-pepp er 
unevenly glossy defects on a steel sheet after cold-forming. 

DETAILED DESCRIPTION 

[0031] The mechanism of generating the conventional large stream patterned rough 

surface defects, not more than several hundred millimeters in length and not more than 3 nrai in 
width, io that, as otateddjscussed above, mavbe caused bvN i segregation ie- 

qenerated cauoed by the fact that due to the movement of semisolidified molten 
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steel that ia , i.e., steel in fefeea state close to the final solidification and haow ith a 
solid phase ratio of approximately less than 1.0 io movodL Q> in the direction of the sheet 
width or in the direction of casting-b y, which results from a driving force and the 
generated Ni acgrcgation causes rough surface defects — ^^^.e^gi^^unevenly glossy 
defects-)-. The abovc This mechanism can be estimated from the fact thatg ince Ni 
normal segregation and Ni inverse segregation coexist adjacently and moreover thc t hereisa 
mass balance of the b ot h io aecured . 

.[0032^ On the other hand, in the case of salt-and-p eppe r and aalt unevenly glossy 

defects that are the subject of the present invention, as shown in Figure 5, the size of each of the 
defects -areare on the order of about several tens of millimeters in length in the casting direction 

20 and several millimeters in widt h in termo of the oiae in the otatc of a 

caoting and the^ JEhese defects are generated separately firom each other- r and distributed 

sporadically, randomly and zigaag zigzagged in febean area of about several hundreds of 

millimeters in the casting direction and several tens of millimeters in the width direction at each 
portion of a casting 5. The unevenly glossy defects 13 are generated at identical portions on both 
the top and bottom surfaces of a casting and afia Ni inverse segregation portion 12 exists at the 

portion correoponding to the portion w here an unevenly glossy defect is generated 

in an equiaxed a crystal portion 1 1 that is located at the middle portion of the sheet thickness. 

The degree of Ni inverse segregation (the ratio of the amount of Ni at Ni inverse segregation 
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portions to the average amount of Ni in an cntircfl is steel) is roughly not more than about 

0.9. When annealing is applied after cold rolling, as shown Figure 5 (a), a phenomenon is 
observed wherein the sheet thickness at a portion where an unevenly glossy defect 13 is 
generated is thinner than that at the othc rb yabout 0.1 ^m as compared to the 

adjacent portions by about 0.1 |im . This is because the amount of work-induced 

martensite^ formed by cold rolling at an Ni inverse segregation portion ia-i2^ is larger than that 

at the other adjacent portions,.^ thus volume shrinkage increases at a^a Ni inverse 

segregation portion 12 after annealing bccomco larger, and; ao a 

rooult, generating a depressio n io generated there . When cold formings such as 

stretch forming or draw forming, is applied on top of that, as shown in Figure 5 (b), a 
phenomenon is observed wherein the sheet thickness at a portion where an unevenly glossy 
defect 13 is generated is thicker than that at the othe rb v about 1 fim as compared to 

Ihe adjacent portions by about 1 jam . This is because plastic deformation is uneven during 
forming due to oucht he unevenness of the martensite amount as stated above. As a result, a 
salt-and-p eppe r and oalt unevenly glossy defect is generated at a portion corresponding to 
aftaNi inverse segregation portion on the surface of a steel sheet after forming. 

[0033] ^^^Since uneven plastic deformation during forming fiinctions rather strongly- 
fefeaH, ag compared to volume shrinkage after annealing in the aforementioned mechanism, the 
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height difference between a protrusion and a depression in the former oaoo bccomoo 

larger than that in the latter gqoc w ill be larger for uneven plastic 

deformation. Therefore, in acGordanee wit h depending on the degree of Ni inverse 

segregation, there may be a caac situation where Ni inverse segregatio n, that hao been 

harmleoo in the latter eaoe, turno to be harmful in the former 

caoe. In other worda, — there may be a eaoe where becomes significant 

after cold forming. For example, rough surface defects jnay appear after cold forming even 
though such defects are not present in a steel sheet after cold rolling and annealin g hao been 

in a pound otate. . In such a situation conventional large stream patterned surface 

defects, no t more than several hundred millimeters in length and not more than 3 mm in width, 
may be a problem. 

[0034] In ouch a oituation that conventional large otream 

patterned ourfacc dcfccto, not more than oevcral hundred 
millimetero in length and not more than 3 mm in width, have been 
a problem, — in the event of evaluating N i segregation (normal segregation and 
inverse segregation) that causes surface defects , it hao been pooaible to 
evaluate the effect of improving ocgrcgat io n may be improved by 
evaluating the amount of Ni, for example, roughly in a region of 25 |im in the thickness direction 
and 500 \im in the width direction at a segregation portion-:^ — That haa bee n in the case of 
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conventional large stream patterned surface defects, for example, as disclosed in Japanese patent 
No. 2 8 51252 . On the other hand, — in the cqoc of pepper and 

ge3rfe :28S12S2. the entire disclosure of which is incorporated herein by reference. However, 
gince salt-and'pepper unevenly glossy defects , oincc they have the nature of 
appearing_ appe3£ very minutely and sporadically, it io impoooible to evaluate 
the OQundneoo thereof by an exiating method of evaluating 

ocgrcgation. The reaaon io that, whereao there hao been nothing 

to do beyond juot to evaluate oegregation in a relatively email 
range , — ao the aizc of an Ni oegregation portion hao been large 
and Ni inveroe oegregation portiono have diotributed randomly 
and relatively uniformly in a crooa oection in the eaoe of 
conventional large otream patterned ourfaco dcfccto, — it ia m aybe 

difficult to evaluate seeregation bv this method si nce it may be necessary to evaluate Ni amount 
in detail over a wider range than before, for example a range . In particular, it 

mav be necessary to evaluate Ni segregation in a range of about several millimeters in the width 
directio n, aa Ni inveroe oegregation portiono diotribute minutely 

and oporadically in the case of salt-and-p eppe r and nalt unevenly glossy defects- 

that arc the oubjcct of the preoent invention . 
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[0035] On the basis of the aforementioned nature of salt-and-p eppe r and aalt 

unevenly glossy defects, the mechanism of generating ana Ni inverse segregation portion at the 

middle portion of the sheet thickness can be estimated as follows. When molten steel begins to 
solidify by contacting with mold walls immediately under a meniscus, as mohen steel 
components including Ni in a liquid phase do not yet begin to concentrate, the concentration of 
each component in an initial solidification structure is basically in the state of inverse 
segregation^ depending on the distribution coefficient of each component. The initial 
solidification structure is cooled directly by the mold walls, thus the speed of solidification is 
high- and-r therefore- a structure composed of chilled crystals is formed. When soHdification 

proceeds, the components on athg liquid phase side at ano fthe interface between e tthe solid 

phase and athg liquid phase concentrate, an ^whereas the Qonocntrationa concentration of 

the components on the solid phase side_are equal to the initial concentrations of the components 
in molten steel. Aloo, — the oolidif ication otructurc tranoformo from 
chilled cryotalo to columnar cryotalo. 

[0036] In addition, during soli dification the structure transforms from chilled crystals to 
columnar crystals. It is known that such chilled crystals of Ni inverse segregation generated 
immediately under a meniscus^ as otatc d described above^ tend to separate from solidified 

shells right after the generation and tum to free chilled crystals* based on fefee^ 

fimction of compositional supercooling at aRlhg interface between a solid phase and a liquid 

phase. The free chilled cryotalac o^tals are suspended in a supercooling zone* or— a massy 
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zone^ on the liquid phase side at ano fthe interface between a solid phase and a liquid phase^ 

move together with solidified shells formed along ttie.mold walls, and reach a kissing point 
where both the left and right solidified shells contact with each other and unite togcthcr aie. 

united. An equiaxed crystal region (i.e.> a solid and liquid coexisting region) is formed with 
chilled crystals acting as nuclei right above the kissing point. 

[0037] When a material balance is reached between the upper part and the lower part of a 
kissing point, fi-ee chilled crystals of Ni inverse segregation that ha ve reached the middle portion 
of a s heet thickness right above a kissing point are fed, together with equiaxed crvstals. to the 
middle portion of the sheet thickness while accompanying solidified shells and, as a result. 
inverse segregation re gions are formed at the middle portion of the sheet thickness uniformly in 
the directions of the width and length. 

[0038] When a material balance ia occurcd between the upper 
part and the lower part of a kiaoing point, — free ehilled 
cryotalo of Ni inverae oogregation that have reached the middle 
portion of a oheet thickneoo right above a kioaing point are 
fed, together with equiaxed cryotala, — to the middle portion of 
the aheet thickneoo while accompanying solidified ohello and, — as— 
a reoult, — invcroc oogregation regiono are formed at the middle 
portion of the oheet thickneoo uniformly in the directiono of 
the width and length. — On the other hand, when a material balance is disturbed 
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between the upper part and the lower part of a kissing point and equiaxed crystal regions, 
wherein a solid phase and a liquid phase coexist, are not fed to the middle portion of a sheet 
thickness, substances containing chilled crystals of Ni inverse segregation accumulate right 
above the kissing point. When such accumulated substances are trapped in solidified shells 
irregularly, — for oomo rcaoon. irregular Ni inverse segregation regions aae emay be 

formed at the portion where the accumulated substances are trapped in the middle portion of a 
sheet thickness and the trapped portions a ^may be differentiated fi-om the other portions, 
io GOtimatcd that, aa a rcoult of the fact that tho irregular 
trap of S ince the substances fe etrapped in the solidified shells occurs at rando mr andomly 

in the directions of the width and length of a casting, theN i segregation portions at the middle 
portion of a sheet thickness come to oxiot in the otatc of pepper and oalt 

and the Ni oegregation portiona eauoe pepper and aalt m ay cause salt- 

and-pepp er unevenly glossy defects. 

[0039] -^Fh eAccording to the present invention hao clarified that the material 
balance between the upper part and the lower part of a kissing point io determined 
dependin gm ay depend on the pressing force o f the mold wall faces at the kissing point and, in 
the region of the hitherto uaed p ressing force- substances containing chilled crystals of Ni 
inverse segregation tend to accumulate right above the kissing point. Ao a reoult, 
aftTherefore, by using the appropriate region of a p ressing forc e exioto in the 
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region lower than that of the hitherto uood prcooing force, the 
accumulation of the substances containing chilled crystals of Ni inverse segregation cornea to 
hardly occur by performing caoting with a prcooing force 
employed in the appropriate rcgio n may be reduced or eliminated . Asaresuh, Ni 
inverse segregation portions that have exioted^ xist in the salt-and-p eppe r and aalt state 
at the middle portion of a sheet thickness do not appear any moro are removed and the 
generation of salt-and-p eppe r and oalt unevenly glossy defects is eliminated. 

[0040] Though Salt-and-p eppe r and nalt unevenly glossy defects otillm ay appear 
with a mold wall face pressing force P of 2.5 t/ m, it io pooaiblc to reduce . Thus. 
according to one emb odiment of the present invention, g eneration of salt-and-p eppe r and 
oalt unevenly glossy defects may be reduced b y controlling a pressing force P to less than- 

2.5 t/m. The improvement effect incrcaaeo ao the prcooing force 

decrcaoco, and a very good reoult can be obtained with a 
prcooing force of not more than 1.6 t/m. — Here . a about 2.5 t/m. 

According to another embodiment of the present invention, gener a tion of salt-and-pepp er 
unevenly glossy defec ts may be reduced by controlling a pressing force P to less than about 1 .6 
t/m. As used herein, the pressing force P (t/m) is a value obtained by dividing a whole pressing 
force (t) of a mold wall face by the mold width (m), and thus meano a is defined as the pressing 
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force per unit mold width. AFor example, a mold width equals a drum width in the case of a 
twin-drum type continuous caster. 

[0041 ] On the other han dH owever , when athg pressing force is excessively small, 
center pores appear at the middle portion of the sheet thickness of a casting. Though t, 
particular, center poresjnay appear with thc wjhiena pressing force P of 1.0 t/m , it io 
pooaiblc to caot a caoting having looo gcnQration of cQntcr 

porca by controlling a prcooing force r to more than 1.0 t/m, 

It io preferable that a preooing force P io more than 1.1 t/m. — 
It io otill preferable that a prcooing force P io more tha n is used. 

Thus, according to o ne embodiment of the present invention center pores may be reduced or 
eliminated by using a pressing force P of more than about 1 .0 t/m. According to another 
embodiment of the pr esent invention, center pores may be further reduced or eliminated by using 
a pressing force P of more than about 1.1 t/m. In yet another embodiment of the present 
invention, center pores may be further reduced or eliminated by using a pressing force P of more 
than about 1 .2 t/m. 

[0042] In the case where a continuous caster is a twin-drum type continuous caster, a 

preferable result can be obtained by specifying a pressing force P of mold wall faces in 
accordance with a drum radius R. Concretel y in particular , a good result eafHnay be 

obtained according to the prese nt invention b y regulating a drum radius R (m) and a pressing 
force P (t/m) ofJhg mold wall faces in terms of the range of the value R) x P. 
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[0043] As oxp 1 a ino d discussed above, when athe pressing force is too large, Ni 

inverse segregation appears at the middle portion of a sheet thickness. In that 

oituation, acoording aoA s a drum radius increases, the region of molten pool adjacent 

to a kissing point deepens with the upper part thereof narrowing and equiaxed crystals tend to 
accumulate with chilled crystals of Ni inverse segregation acting as nuclei , and thorcforQ^ 

Therefore, as the drum radius increases the upper limit in the appropriate range of a pressing 
force beyond which salt-and-p eppe r and aalt unevenly glossy defects appear shifts toward a 

lower value. In contras t with thio, — according^ as athe drum radius decreases, the 

region of molten pool adjacent to a kissing point becomes shallower with the upper part thereof 
widening and equiaxed crystals hardly accumulate with chilled crystals of Ni inverse segregation 
acting as nuclei , and thcroforQ . Therefore, as the drum radius decreases the upper limit in 

the appropriate range of a pressing force beyond which salt-and-p eppe r and aalt unevenly 

glossy defects appear shifts toward a higher value. 

[0044] On the other hand, when athe pressing force is too small, there arises a problem 

of abnormal casting including the generation of center pores. Aocording hi particular, as athe 
drum radius decreases, athe molten steel pool between drums shallows-r.^nd thus the fluctuation 
of a molten steel surface increase s. Therefore, and thcroforQ the variation of solidified 
shell thickness increases over the direction of the sheet width. — A & Furthermore, as the 
var i a t i onvariatigns of reactive forcQ forces in the direction of drum width increases^ for the 
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above roaoonr easons, the casting operation shifts toward an unstable operation— aad^ 

Therefore, as the drum radius decreases the lower limit in tho appropriate range ofa 

pressing force beyond which an abnormal casting occurs shifts toward a higher value. In contrast- 
with thio, according^ as athg drum radius increases, the variation of reactive force in 

the direction of drum width decreasesT.Md the stability of casting operation improves , and 

therefore. Therefore, as the dru m radius increases the lower Umit in the 

appropriate range of a pressing force beyond which an abnormal casting occurs shifts 

toward a lower value. 

[0045] The influence of a drum radiuo hao been e^cplained 

above . In addition, theT he present inventors intensively carried out studies by 

properly changing a drum radius R (m) and a pressing force P (t/m) and, ao a reoult, 
clarified that. Accordin g to the present invention the appropriate regions of a drum 
radius and a pressing force beyond which salt-and-p eppe r and nn^t unevenly glossy defects 
occurred couldoccurs may be specified hy the term RxP. In other wordo, ao a 
reoult of the above otudieo, a good reeult could be obtained 
byone embodiment o f the present invention, a method of casting may include regulating a drum 
radius R (m) and a pressing force P (t/m) oo that they might tQ satisfy the relation 0.5 <= 
(V" R)xP<=^ . 0 . prG£crablv2.Q. In anothe r embodiment of the present invention, a 
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m ethod of casting may include regulating a drum radius R (m) and a pressing force P (t/m\ to 
satisfy the relation 0.8 <= (V" R)xP<= 1.2; ao atatcd above, L 2. 

[0046] In the case of a twin-drum type continuous caster for instance, as shown in Figure 

2, a molten steel pool 2 is formed on the space surrounded by a pair of drums 1 and side weirs to 
seal the b oth end faces of the drums. There exists in the hoiaht a range of heights H of 

athe molten steel pool 2 a range appropriate for producing a caoting 

wherein pepper and aal tin which salt-and>pepper unevenly glossy defects are handly 

generated. — He ^minimized. As defined herein , the height H of a molten steel pool 2 is 

the distance from a kissing point 4 to a molten steel surface 7 as shown in Figure 2. When alhe 

pool height Ris lowerl ess than 200 mm, though the time during which chilled crystals 

generated at a meniscus 8 grow is short, most of the grown chilled crystals accumulate directly to 
a kissing point 4 and therefore salt-and-p eppe r and nalt unevenly glossy defects are apt to be 

generated. In contraot with thio addilion, when ajhe pool height H exceeda is greater 
than 450 mm, though most of the chilled crystals generated at a meniscus 8 disperse and remeU 
in a molten steel pool, some surviving chilled crystals become large since they have a time 

enough time to grow,.and the amount thereof accumulated teat a kissing point 4 increases^ 
Therefore, saltzan d therefore -peppe r and oalt unevenly glossy defects are apt to be 
generated. For thooo roaaonoAccordingly . a good result can be obtained by regulating a 
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molten steel pool height H in the range from not less than about 2 00 mm to not more than about 
450 mm. 

[0047] -AThe solidification time t that is defined as t he opan of t ime from the 

timo b etween whenjhe moving mold walls contact with molten steel at a meniscus 8 to the time 

when solidified shells 3 of both sides unite at a kissing point 4-ar s4. The solidification time t 

maybe determined by the shape of a molten steel pool 2 and the traveUng speed of the mold 
walls. There exists in a solidification time t a range appropriate for producing a casting wherein 
salt-and-p eppe r and oalt unevenly glossy defects are little gGncratG dm inimized . 

When athe solidification time t is shorter than 0.4 second, though the time during which chilled 

crystals generated at a meniscus grow is short, most of the grown chilled crystals accumulate 
directly to a kissing point 4 and therefore salt-and-p eppe r and aalt unevenly glossy defects 

are apt to be generated. In contraat with thia addition , when athe solidification time t 

exceeds 1.0 second, though most of the chilled crystals generated at a meniscus 8 disperse and 
remelt in a molten steel pool, some surviving chilled crystals become large since they have a time 
enough to grow, the amount thereof accumulated to a kissing point 4 increases, and therefore 
salt-and-p eppe r and oalt unevenly glossy defects are apt to be generated. For thooc 

rcaoonoAccordingly , a good result can be obtained by regulating a solidification time t, that 

jrB— th e opan of time from tho time w he n the moving mold walls contact with molten 
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steel to the time when the solidified shells of both sides unite, in the range fi'om not shorter than. 
about 0.4 second to not longer than about 1.0 second. 

[0048] As explained above, as a pressing force P of the.mold wall faces decreases, and 

whoroaa w hich suppresses the generation of salt-and-p eppe r and aalt unevenly glossy 

defects io aupprcoocd favorably , abnormal casting including the generation of center 

pores is apt to occur. -^ ftAccording to the present invention, it bccomco is possible to carry out 

casting stably with a small pressing force by applying in-line roUing during the process from 
molding to coiling, ^id.thus bonding center pores with pressure^ — and, by oo doing, 

making the center porca harmlcaa . Though the situation varies depending on the 

composition of steel to be cast or the opecif ioationt ^ of ar-caster including and 

drums, as long as rolling enough to bond center poreo with prcooure is 

appHed to a castin g with enough pressure and at a sufficiently high temperatur e to bond the 
center pores , it is possible to fflak eeliminate the effect of the center pore s harml eao. — 

Concretely, generally opeaking, — it io preferable . In particular , as shown 

in Figure 1. it is preferable to install an in-line rolling mill 6 at a place downstream of the_drums 
1 where 1, in which the temperature of a casting is not lower than.^Qut UOOO'^C and apply 

rolling under the condition of reducing a thickness by not less than about 10% in terms of a sheet 
thickness ratio. In that caoe, — it io acceptable Thus, as long as the_center pores 

can bon d withj thg pressure and rolling conditions are not particularly r estricted except 
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bjLthe temperature at which r ollin g is applied . Center pores tend to appear when a pressing force 

is weak-: In that caoc, — though Gcntcr porco remain when in line 

rolling io not applied, — it io poooible to make center porco 

completely harmleoo if in line rolling io applied, It io made 

poooible to caot and therefore the center pores may be by applying in-line rolling. 

Therefore, according to one embodiment of the present invention, a casting may be cast w herein 
tiie_center pores are hardly ofcncrate dm inimized by regulating a pressing force to more 

than 1.0 t/m. — ]&^^-3r g In particular, according to another embodiment of the present invention, 

it may be preferable to regulate a pressing force to more than 1 . 1 t/m earfte eto minimize the 

ouocept ibi 1 i t ygeneratiqn of center pore generation io ouppreooed under 

that condition. It iopores. Jn still another embodiment of the present invention, it 

maiLbe.preferable to regulate a pressing force to more than 1.2 t/m. 

Example 

[0049] A twin-drum type continuous caster as shown in Figure 1 wa &may be used 

jiRacpording tp the present invention. The width of each of the drums 1 was 1,000 mm, the 

thickness of each of the castings 3 mm, and the steel grade of each of the castings AISI 304 steel 
(austenitic stainless steel). The radius R of each of the drums 1 was 0.6 m in every caoc eaeL 
example described below, except Example 2 mentioned bclov^. 2. The pool height H was 
350 mm in every caoeeach example descri b ed below, except Example 3 mentioned 
below. The solidification time t was 0.7 second in every caoe e ach example described 
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below, except Example 4 montionod below .4 When a drum radius R, a pool height H 

and a sohdification time t are changed from the above values, the respective values are expressed 
in the relevant tables of the following examples. 

[0050] In-line rolling was not applied i n the Examples 1 to 4 below, but the cases of 

applying and not applying in-line rolling were compared in Example 5 below. When in-line 
rolling was applied, the in-line rolling mill 6 shown in Figure 1 was used for the rolling. The 
temperature of a casting at the entry of the rolling mill was 1,220°C when in-line rolling was 
carried out. A reduction ratio of the in-line rolling was defined by the expression (the thickness 
of a casting - the thickness thereof after in-line rolling)/ the thickness of a casting x 100 in terms 
of percentage. 

[0051] The castings that were cast were, cold-rolled to the thickness of 1 .0 mm and 

thereafter subjected to stretch forming to form the shape of a cylinder 50 mm in diameter as cold 
forming. Li that case, two kinds of stretch forming was applied; Ught forming of 5 mm in stretch 
height and heavy forming of 30 mm in stretch height. 

10052} The degree of Ni inverse segregation was obtained by measuring an Ni amount 

over tfeea region 100 ^im in thickness direction and 1 cm in width direction at the middle 

portion of the thickness on the cross section in the direction of the width of a casting with an X- 
ray microanalyzer and calculating the ratio of Ni amount in the region to the Ni amount in a ladle 
( namcl^i ^ the Mi-amount of Ni in molten steel). 
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[0053] Pepper Salt-and aaltp ^Ber unevenly glossy defects were j udgc dd etermined by 

visually observing the surfaces of the specimens at the stage of cold-rolled steel sheets and after 
cold forming (both light forming and heavy forming). In the judgment, whcrcao, 

wheft ~When salt-and-p eppe r and nnit, unevenly glossy defects were conspicuous , the 

judgment wao done with no doubt, when pepper and oalt no further 

examination was necessary. When salt-and-pepper unevenly glossy defects were— 
inoignif leant and questionable, minute protrusions and depressions emergedw ere, 

determined as the unevenness of polish by scrubbing the surface with abrasive paper of about 
#1,000 in mes h and, by so doing, the judgment thereof wao done 

eaoily . In any of the cases, spot-shaped or spindle-shaped patterns that were distributed in a 

zigzag were judged as salt-and-p eppe r and aalt unevenly glossy defects. 

[0054] The area ratio of center pores was obtained by calculating the ratio (%) of the total 

area of center pores in the area of one square meter on the surface of a casting on the basis of 
radioparency photography. 

Example 1 

[0055] As shown in Table 1, the pressing forces P of the drums were varied in the range 

from 1.0 to 2.6 t/m, and the degrees of Ni inverse segregation, the existence of salt-and-p epper— 

and aalt unevenly glossy defects and the center pore area ratios of the steel sheets were 

evaluated. The results are shown also in Figure 3. In the case of No. 2 according to the present 
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invention, the pressing force P was 1 . 1 t/m, no salt-and-p eppe r and aalt unevenly glossy 

defects appeared, which is good and, though center pores were generated at 2.5% in terms of an 
area ratio, the value was a level applicable to practical use. In the cases of Nos. 7 and 8 
according to the present invention, the pressing forces P were 1 .8 to 2.4 t/m and, though salt-and- 
peppe r and oalt unevenly glossy defects appeared after subjected to heavy forming in cold 

forming, no salt-and-p eppe r and aalt unevenly glossy defects appeared at the stage of cold- 
rolled steel sheets and after light forming in cold formin g; that meant good . In the cases 

of Nos. 3 to 6 according to the present invention, the pressing forces P were in the range from 1.2 
to 1.6 t/m, no salt-and- peppe r and aalt unevenly glossy defects appeared, the center pore 

area ratios were 0% , and thcrcforG very good rcoulto wore ocGurcd . 

[0056] In case of No. 1 that was a comparative example, the pressing force P was 1.0 t/m 

and center pores were generated by 6.3% in terms of an area ratio, hi the cases of Nos. 9 and 10 
which were comparative examples, the pressing forces P were from 2.5 to 2.6 t/m and salt-and- 
peppe r and oalt unevenly glossy defects appeared at the stage of cold-rolled steel sheets and 
also after cold forming. 

Example 2 

[Q057] As shown in Table 2, the drum radiuses R were varied in the range from 0.2 to 0.8 

m and the pressing forces P were varied at 4 levels, and then the existence of salt-and-p epper- 

and aalt unevenly glossy defects and the relation between the center pore area ratios and the 
values (V~ R) X P of the steel sheets were evaluated. The results are shown also in Figure 4. The 
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curves drawn in Figure 4 are the ones that have respective identical (V" R) x P values; from 
above, (aT R) x P = 2.2 (the upper broken line), (aT R) x P = 1 .2 (the upper solid line), (V" R) x 
P = 0.8 (the lower solid line) and (aT R) x P = 0.5 (the lower broken line). 

(DilSSl In the cases of Nos. 12 to 21 according to the present invention, the values (V" R) 

X P were in the range from 0.8 to 2.0 and a good resuh was obtained in any of the cases. In the 
case of No. 1 1 according to the present invention, the value (aT R) x P was 0.5 and, though the 
center pore area ratio was 1 .4%, the value was a level applicable to practical use. In the case of 
No. 22 that was a comparative example, the value (V~ R) x P was 2.3 and the salt-and-p epper- 

and oalt unevenly glossy defects were observed at the stage of the cold-rolled steel sheet and 
also after cold forming. 

Example 3 

[0059] As shown in Table 3, the molten steel heights H were varied in the range from 

190 to 460 mm, the pressing forces P of the drums were fixed to 1.5 t/m, and then the existence 
of salt-and-p eppe r and oalt unevenly glossy defects of the steel sheets was evaluated. In the 

cases of Nos. 24 to 26, the moUen steel heights H were in the appropriate range from 200 to 450 
mm and salt-and-p eppe r and oalt unevenly glossy defects were not observed. In the cases of 

Nos. 23 and 27, as the molten steel heights H were outside the appropriate range, the salt-and- 
peppe r and oalt unevenly glossy defects were observed. 

Example 4 
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.[llflfifll As shown in Table 4, the solidification times t were varied in the range fi-om 0.3 

to 1.1 seconds, the pressing forces P of the drums were fixed to 1.5 t/m, and then the existence of 
sah-and-p eppe r and nnlt unevenly glossy defects of the steel sheets was evaluated. In the 

cases of Nos, 29 to 33, the solidification times t were in the appropriate range fi-om 0.4 to 1.0 
second and salt-and-p epper and aa It unevenly glossy defects were not observed. In the cases 

of Nos. 28 and 34, as the soUdification times t were outside the appropriate range, the salt-and- 
peppe r and oalt unevenly glossy defects were observed. 

gxamplp ? 

[0061] As shown in Table 5, the pressing forces P of the drums were fixed to 1 . 1 t/m, in- 

line rolling was applied with the reduction ratios thereof varied or was not applied, and then the 
existence of salt-and-p eppe r and oalt unevenly glossy defects and the center pore area ratios 

of the steel sheets were evaluated. In the case of No. 35, as in-line rolling was not applied, the 
center pore area ratio was 2.5%. In the case of No. 36, in-line rolling was applied at the 
reduction ratio of 8% and the center pore area ratio was 8%. In the case of No. 37, the in-line 
rolling was applied at the reduction ratio of 10% and the center pore area ratio was 0%, resulting 
in a good resuh. PcppcrS alt-and oalt p epp er unevenly glossy defects did not appear in any of 

the above cases and good results could be obtained. 



Table 1 



No. 


Pressing 
force P; 
t/m 


Degree of Ni 

inverse 

segregation 


P opp o r Sal t-and-ga4^pepper 
unevenly glossy defect 


Center 
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% 
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Cold-rolled 


Cold forming 
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steel sheet 


Light 
forming 


Heavy 
forming 




1 


1.0 


0.95-0.97 


Nil 


Nil 


Nil 


6.3 


Comnarative 
example 


2 


1.1 


0.95-0.97 


Nil 


Nil 


Nil 


2.5 


Invented 

All T ^11 

example 


3 


1.2 


0.95-0.97 


Nil 


Nil 


Nil 


0 


TnvpnfpH 

All ▼ dJ IwU 

example 


4 


1.3 


0.94-0.96 


Nil 


Nil 


Nil 


0 


f nvpnterl 

All ▼ ClKvU 

example 


5 


1.5 


0.93-0.96 


Nil 


Nil 


Nil 


0 


Invented 
example 


6 


1.6 


0.92-0.95 


Nil 


Nil 


Nil 


0 


Invented 
example 


7 


1.8 


0.92-0.94 


Nil 


Nil 


Present 


0 


Invented 
example 


8 


2.4 


0.90-0.93 


Nil 


Nil 


Present 


0 


Invented 
example 


9 


2.5 


0.88-0.91 


Present 


Present 


Present 


0 


Comparative 
example 


10 


2.6 


0.87-0.90 


Present 


Present 


Present 


0 


Comparative 
example 



Table 2 



No. 


Pressing 
force P; 
t/m 


Drum 
radius 
R; m 


V" RP 


P opp o r Salt-and-ea^-fepepper 
unevenly glossy defect 


Center 

pore 

area 

ratio; 

% 


Remarks 


Cold-rolled 
steel sheet 


Cold forming 




Light 
forming 


Heavy 
forming 


11 


1.1 


0.2 


0.5 


Nil 


Nil 


Nil 


1.4 


Invented 
example 


12 


1.8 


0.2 


0.8 


Nil 


Nil 


Nil 


0 


Invented 
example 


13 


2.6 


0.2 


1.2 


Nil 


Nil 


Present 


0 


Invented 
example 


14 


1.5 


0.4 


0.9 


Nil 


Nil 


Nil 


0 


Invented 
example 


15 


1.8 


0.4 


1.1 


Nil 


Nil 


Nil 


0 


Invented 
example 


16 


2.6 


0.4 


1.6 


Nil 


Nil 


Present 


0 


Invented 
example 


17 


1.5 


0.6 


1.2 


Nil 


Nil 


Nil 


0 


Invented 

example 


18 


1.8 


0.6 


1.4 


Nil 


Nil 


Present 


0 


Invented 
example 


19 


2.6 


0.6 


2.0 


Nil 


Nil 


Present 


0 


Invented 
example 


20 


1.5 


0.8 


1.3 


Nil 


Nil 


Present 


0 


Invented 
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example 


21 


1.8 


0.8 


1.6 


Nil 


Nil 


Present 


0 


Invented 
example 


22 


2.6 


0.8 


23 


Present 


Present 


Present 


0 


Comparative 
example 



Table 3 



No. 


Pressing 
force P; t/m 


Drum 
radius R; 
m 


Molten 
steel 

height H; 
mm 


PopporSalt-and-B€i3rfepcpper unevenly 
glossy defect 


Cold-rolled steel 
sheet 


Cold forming 


Light 
forming 


Heavy 
forming 


23 


1.5 


0.6 


190 


Nil 


Nil 


Present 


24 


1.5 


0.6 


210 


Nil 


Nil 


Nil 


25 


1.5 


0.6 


350 


Nil 


Nil 


Nil 


26 


1.5 


0.6 


440 


Nil 


Nil 


Nil 


27 


1.5 


0.6 


460 


Present 


Present 


Present 


Table 4 


No. 


Pressing 
force P; t/m 


Drum 
radius R; 
m 


Solidifi- 
cation time 
t; second 


PopporSalt-and-ealtepepper unevenly 
glossy defect 


Cold-rolled steel 
sheet 


Cold forming 


Light 
forming 


Heavy 
forming 


28 


1.5 


0.6 


03 


Nil 


Nil 


Present 


29 


1.5 


0.6 


0.4 


Nil 


Nil 


Nil 


30 


1.5 


0.6 


0.5 


Nil 


Nil 


Nil 


31 


1.5 


0.6 


0.7 


Nil 


Nil 


Nil 


32 


1.5 


0.6 


0.9 


Nil 


Nil 


Nil 


33 


1.5 


0.6 


1.0 


Nil 


Nil 


Nil 


34 


1.5 


0.6 


1.1 


Present 


Present 


Present 



Table 5 



No. 


Pressing 
force P; 
t/m 


Drum 
radius 
R;m 


In-line 
reduction 
ratio; % 


P opp o r Sal t-and-ea3rfepepper 
unevenly glossy defect 


Center 

pore 

area 

ratio; 

% 


Cold-rolled 

steel sheet 


Cold forming 


Light 
forming 


Heavy 
forming 


35 


1.1 


0.6 


0 


Nil 


Nil 


Nil 


2.5 


36 


1.1 


0.6 


8 


Nil 


Nil 


Nil 


1.1 


37 


1.1 


0.6 


10 


Nil 


Nil 


Nil 


0 
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PATENT 

1011621 The present invention, in a method of casting an austenitic stainless steel thin strip 

casting with a continuous caster wherein mold walls move synchronously with the casting, makes 
it possible to prevent salt-and-p eppe r and aalt unevenly glossy defects distributed zigzag in 

the form of spots from appearing on a steel sheet after cold rolling and cold forming by 
regulating a pressing force P of mold wall faces in the appropriate range from more than about 
1.0 to less than about 2 .5 t/m. 
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Fig. 3 
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PRESENT INVENTION 
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Fig. 5(a) 




